2. RAW MATERIALS ACQUISITION AND MANUFACTURING

To estimate the GHG emissions and sinks for the full {fidecof MSW materials, we needed to
estimate the GHG emissions associated with raw materiglésaion and manufactur@q This chater
describes how we estimated these emissionsdbt eiaterials: newmper, officepaper, corrigated
boxes, aluminum cans, steel cans, and thygastofplastic (LDPE, HDPE, and PET).

In manufacturig, substantial amounts of eggrare used in the guaisition of raw materials and in
the manufacturig process itself. In mogtrocesses, the rjaity of this enegy comes from fossil fuels.
Combustion of fossil fuels results in emissions of,C@reenhousgas, and trace amounts of other GHGs
that are not included in the apsis. In addition, manufactuigrof some materials also results in GHG
emissions that are not associated with gneonsunption. Section 2.1 addresses aperelated CQ
emissions, and section 2.2 covers non-gn&HGs.

2.1 GHG EMISSIONS FROM ENERGY USE IN RAW MATERIALS ACQUISITION AND
MANUFACTURING

To bagin our anaysis, we estimated the GHG emissions from fossil fuel combustion for both (1)
raw materials aguisition and manufacturin(referred to here aprocess engy"), and (2) trangortation
(referred to as "trapsrtation enegy”).

In this anaysis, process engly GHG emissions consiptimarily of CO,.>* The mgority of CO,
emissions are from combustion of fuels used diyeett)., to gerate minig equipment or to fuel a blast
furnace. Because fuel is also needed joe-tombustion™ activities (such as oilpkoration and
extraction, coal minig and beneficiation, and natugdsproduction), CQ emissions fronpre-
combustion" activities are also counted in thisgatg When electricit is used in manufactumgpthe
CO, emissions from the fuels burnedotoduce the electrigitare also counted. beneral, makig a
material from regcled irputs rauires lesprocess engly than makig the material from vgin inputs.

Trangortation enggy GHG emissions consist of GO emissions from combustion of fuels used to
trangort raw materials and intermedigie®ducts to the final manufactugror fabrication faciliy. For
trangortation of regcled imputs, this analsis considers trapsrtation (1) from the curbside to the
materials recovegrfacility (MRF),? (2) from the MRF to a broker, and (3) from a broker tqothst or
mill where the regcled irputs are used. The trgustation values for rgeled irputs alsogeneraly
include the engy used tgorocess the jputs at a MRP®  Tramertation of finished manufacturemods

* Note, however, that CO emissions from combustion of biomass are not counted as GHG emissions (as
described in Chapter 1). For example, paper manufacturing uses biomass as a fuel.

% A MRF processes recovered materials from the municipal solid waste (MSW) stream. Some MRFs take
mixed MSW and separate recyclable materials. Other MRFs accept only source-separated recyclable materials.
MRFs may crush, shred, or bale recyclable materials to make them ready for the scrap materials market.

% The one exception is that data provided by Franklin Associates, Ltd. do not include the energy used in a
MRF to sort paper products.
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to consumers is not included in the séd. We did not consider thgiobal warmirg impacts of
trangortation emissions of nitgen oxides (NQ ); such emissions contribute indigeicticlimate chage.?’
This omission would tend to ghtly understate the GHG jpacts from trangortation.

We also considered the methane emissions associategradilcirg, processig, and trangorting
coal, oil, and naturalas. Methane is emitted dugithe various siges of fossil fueproduction because
methane is tyaped within coal and oil dmsits, and because natugalk consists lgely of methane.

We develped s@arate estimates for GHG emissions frpracess and trapsrtation enagy for
virgin inputs and regcled imputs, generatig a total of four sparate GHG emissions estimates for each
material: (1)rocess engy with virgin inputs, (2)process engly with regycled inputs, (3) trangortation
enegy with virgin inputs, and (4) traqrtation enggy with reg/cled irputs.

Methodology

We develped GHG emission estimates for each material based on two sets of data: (1) the amount
of each ype of fuel used to make one ton of the material, and (2) the "carbon coefficient" for each fuel (a
factor that translates the eggwvalue of fuel combusted into the mass of GHGs emitted).

Our methodolgy in usirg these two sets of data to estimatecess and trapertation enegy GHG
emissions is best illustrateg n examle. To estimat@rocess engly GHG emissions from the
production of one ton of neywapers from vigin inputs, we mulgplied the amount of eaclyge of fuel
used (as measured in million British thermal units, or BTUs) times the carbon coefficient fgpéhat t
fuel (as measured in metric tons of carbguiealent, or MTCE per million BTUs). Each of these
multiplicationsyielded an estimate, for one of the fuels used to makepapers of the amount of GHGs
emitted (in MTCE) from the combustion of that fuel when one ton of papes is made. The total
process engly GHGs from makig one ton of newsaper is sinply the sum of the GHG estimates across
the different fuels used. To estimate the GHG emissions when elgdtiaged, we used the national
averaye mix of fuels used to make electrcit

We estimated GHGs from the eggused to trarmort raw materials for makgone ton of ajiven
product (eg., newpapers) in the same wa the amount of each fuel used was npli#d by its carbon
coefficient, and the resultirvalues for each of the fuels were summed.

To count pre-combustion” engy, we scaled pithe amount of each fuel combusted darin
manufacture Y the amount of engy needed t@roduce that fuel. In thigoggroach, we used the
simplif ying assurption that when oil iproduced, oil is used as the egygesource in oibroduction, while
naturalgas is used for naturghsproduction, etc.

We develped GHG estimates for raw materialgjaisition and manufacturgifor each of the ght
manufactured materials of the ten materials considered in fug.reNe also devefied GHG estimates

" Because the Intergovernmental Panel on Climate Change (IPCC) has not established a method for
estimating the global warming implications of emissions of nitrogen oxides, we have not attempted such an
estimation.
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for tissuepaper and foldig boxes to enable us to estimate the GH@lications of increased rgcling of
office paper and corrgated boxes, r@ectively, in an "@en lo@." Thus, the exhibits in this chgr show
data not onf for the eght materials of interest, but also for tisqaaper and foldig boxes. For steel cans,
we develped GHG estimates for \gin production usig the basic oxgen furnacerocess, and for
regycledproduction usig the electric arc furnaqarocess?®

For the first set of data that we needed (the amounts of gaebftfuel used foprocess and
trangortation enegy), we obtained two ingendent sets of estimates from two consglfirms that have
expertise in lifegcle anaysis, includirg process and trapsrtation enegy anaysis: Franklin Associates
Ltd. (FAL), and the Tellus Institute (Tellus). For the second set of data (carbon coefficients), we used data
from the Enegy Information Administration of the US Partment of Enegy?*for all fuels excpt diesel
fuel and electricit; for the latter fuels we used data from the American Council for argfEigficient
Econony.®* The carbon coefficient for electrigitvas based on the vghited averge carbon coefficients
for all fuels used tgenerate electrigjtin the US*

Because the carbon coefficients from these sources accountedyftheo@lO, emissions from
combustion of eaclype of fuel, we added to these carbon coefficients (1) the gazarmount of methane
emitted duriig the production,processig, and trangortation of fossil fuels, and (2) the avgeaCO,
emissions from oiproduction, due to the flargnof naturalgas. To estimate these GHG emissions
associated with fossil fuproduction, we used data from EPA, the US$&ément of Enagy, and the
Intergovernmental Panel on Climate Clgan We calculated the avgeaGHG emissions associated with
US production of coal, oil, and naturgas. The resultopestimates for GHG emissions from fossil fuel

% Note that when recovered steel cans are used as inputs to an electric arc furnace, the resulting steel is not
suited for milling to the thinness of steel sheet needed for use in making new steel cans. Thus, a more precise
approach would have been to model recovery of steel cans as an open loop process, in which recovered steel cans
are made into some other steel product. By modeling recovery of steel cans as a closed loop process, we implicitly
assumed that each ton of steel produced from recovered steel cans in an electric arc furnace displaces a ton of steel
produced from virgin inputs in a basic oxygen furnace; we believe this is a reasonable assumption. (For the
fabrication energy required to make steel cans from steel, we used the values for fabrication of steel cans from steel
produced in a basic oxygen furnace.)

# Energy Information Administration, U.S. Department of Energy, [Hafissions of Greenhouse Gases
in the United States 1989-19940E/EIA-0573-annual (Washington, D.C.: U.S. Department of Energy), in press
1995, cited in U.S. Environmental Protection Agenoyentory of U.S. Greenhouse Gas Emissions and Sinks:
1990-1994Washington, D.C.: U.S. EPA), November 1995, pp. A-8 to A-13.

% R. Neal Elliott, Carbon Reduction Potential from Recycling in Primary Materials Manufacturing”
(Berkeley, CA: American Council for an Energy-Efficient Economy), February 8, 1994, p. 14.

3 FAL and Tellus reported the BTU value for electricity in terms of the BTUs of fuel combusted to
generate the electricity used at the factory, rather than the (much lower) BTU value of the electricity that is
delivered to the factory. Thus, FAL and Tellus had already accounted for the efficiency of converting fuels to
electricity, and the losses in transmission and distribution of electricity; and we did not need to account for these
factors in the carbon coefficient for electricity.
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production were 1.07 kilgrams of carbonauivalentper million BTUs (g C/million BTU) for coal, 0.23
kg C/million BTU for oil, and 0.82 ¢ C/million BTU for naturalgas.*

The carbon coefficients that reflect both £O and methane emissigo®waided in Exhibit 2-1 (all
exhibits argorovided at the end of this gpiar).

Theprocess and trapsrtation GHG values are shown in sumyneorm in Exhibit 2-2. For each
product and eaclype of input (virgin or reg/cled), we summed the estimates ffovcess and
trangortation GHG emissions based on the FAL data, and tipeated the summation ugithe Tellus
data. Both sets of summed estimates are listed in Exhibit 2-2 in columns "b" ¢forimauts) and "c"
(for regycled imputs). Althowgh these estimates do nopresent minimum or maximum values, we believe
that they doportray the variabiliy in actual industr values for each material.

We also estimated the eggrrelated GHG emissions from manufactgreach material from the
current mix of vigin and regcled irputs. To do so, we avaged the two estimates for each material based
on FAL and Tellus data; the results are shown in column "e." (The regaworcolumns of Exhibit 2-2
are discussed later in this gher.)

The FAL and Tellus values for emgruse argrovided in Exhibits 2-3 thragh 2-10. Exhibits 2-3
throwgh 2-6present the FAL datgroviding, in turn, the data used to estimate ggaelated GHG
emissions foproducts manufactured from gin inputs, and then the data for egerelated GHG
emissions foproducts manufactured from ngrded irputs** Exhibits 2-7 thragh 2-10present the Tellus
data, which are ganized in the same wa*

For most materials, both FAL and Telli®vided data for fuels used in manufactgrmocesses
that use (1) 10@ercent vigin inputs and (2) 10@ercent regcled irputs®*® To estimate thgpes and

%2 Memorandum from William Driscoll (ICF) to Michael Podolsky and Clare Lindsay (U.S. EPA),
"Fugitive Methane Emissions from Production of Coal, Natural Gas, and Oil," August 8, 1995, updated to use
global warming potential for methane of 24.5.

% Note that when newspaper is made from virgin inputs, a substantial amount of biomass fuel (e.g., from
tree bark) is used; when newspaper is made from recycled inputs, no biomass fuel is used.

% Note that in Exhibits 2-7 and 2-9, Tellus included values for the energy content of steam used in
manufacturing. We translated these steam energy values into fuel inputs as follows: (1) we assumed that the energy
content of the fuels combusted was converted into steam energy at a conversion efficiency of 85 percent; (2) for
paper products, made from virgin or recycled inputs, we used a fuel mix for steam of 40 percent oil, 33 percent
biomass, 17 percent natural gas, and 10 percent coal; and (3) for non-paper products made from virgin or recycled
inputs, we used a fuel mix for steam of 50 percent natural gas, 25 percent coal, and 25 percent oil (based on ICF
professional judgment).

% The three exceptions were (1) the FAL data for corrugated boxes made from virgin inputs, for which
FAL provided data for manufacture from 90.2 percent virgin inputs and 9.8 percent recycled inputs, (2) the FAL
data for steel cans made from virgin inputs, for which FAL provided data for manufacture from 80 percent virgin
inputs and 20 percent recycled inputs, and (3) the Tellus data for steel cans made from virgin inputs, for which
Tellus provided data for manufacture from 90 percent virgin inputs and 10 percent recycled inputs. We
extrapolated from these data (and the corresponding values for production using 100 percent recycled inputs) to
obtain estimates of the energy inputs for manufacturing these materials from 100 percent virgin inputs.

DRAFT --March 1997 28



amounts of fuels used fprocess and trapsrtation enagy, FAL and Tellus relied opublished data

(such as ggineerirg handbooks anpublishedproduction data), and grersonal contacts with indugtr
experts. FAL and Tellus counted all eggrno matter where it was used. For eplnmuch aluminum
produced in the US is made from bauxite that is minedpamekssed into alumina in other countries. The
enepy required for overseas bauxite migiandprocessig is counted in the angis. In addition, it does
not matter where rgcled iputs are made into remanufactuprdducts. For exaphe, if office paper that

is recovered in the US is remanufactured peger products in Asia, the engy savirgs from

remanufacture usgregy/cled rather than wiin inputs are counted.

Neither the FAL nor the Tellus trgoertation data reflect trapertation of the finished
manufacturegbroduct to the retailer and consumer. This omission igiomportant in estimatig the
GHG reductions associated with source reduction. It is not relevant yzisgaBHG implications of
regycling conpared to othepost-consumer magament @tions, because the amount of temsation
enegy from the factoy to the consumer is about the same whethepribduct is manufactured from gin
inputs or regcled imuts. Even for the source reduction s, we epect that the trap®rtation enegy
from factor to consumer would peesent a vgrsmall fraction of the totglrocess and trapsrtation
enegy.

After FAL and Tellus had devgbed their initial estimates grocess en@y intensity and fuel mix,
we reviewed and verified the data &nayzing significant discr@ancies between the estimapesvided
by the two firms. Where disgpancies were found, we reviewed the most critical apons and data
elements that each firm used, and identified circumstances where it woydprtyariate for one firm to
revise its assuptions or ydate its data sourcés. The effect of friscess was to arrive at estimatgs b
the two firms that were closer to each other and, weatxthat more accurayeteflect the engy used in
raw materials aguisition and manufacturgof the materials considered. Nevertheless, wegréze that
different manufacturers maldgrthe sameroduct use somewhat differegprocesses with different erggr
requirements and fuel mixes, and that there are limited data on the extent to which prari@gses are
used. Thus, ougoal was to estimate as accurgtaspossible the national avega GHG emissions for the
manufacture of each material fromgiir and regcled irputs.

In order to make the best use of all available data, for each material wegeavita FAL and Tellus
final estimates of GHG emissions for manufactyiime material from vigin inputs, and then did the same
for regycled imputs. These avegad values are used in all of the qartations diplayed in the executive
summay and in Chater 8, whichpresent overall results of the aysib.

Conplete documentation of the FAL and Tellus data onyped and amounts of fuels used for
process and trapsrtation enagy, including data sources, {govided in the Apendix to this rport.

2 For example, some of the data issues that we reviewed and decided on were (1) the fuel mix to assume
for electricity used to manufacture aluminum (the national average fuel mix for generating electricity was used,
because electricity generated from all types of fuel is sold as a single commaodity through interconnected regional
grids), (2) whether to include the "pre-combustion" energy for fossil fuels, i.e., the energy required to extract, refine,
and deliver the fuels (pre-combustion energy was counted), (3) whether to use data for use of recovered materials in
"closed loop" or "open loop" processes (we used "closed loop" data except for office paper and corrugated boxes),
and (4) what loss rates should be used (we averaged the FAL and Tellus loss rates).
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2.2 NON-ENERGY GHG EMISSIONS FROM MANUFACTURING AND RAW MATERIALS
ACQUISITION

We also accounted for three additional sources of GHGs in manufggitotesses that are not
related to engy use:

. When limestone (calcium carbonate, or CgCO ) is converted to lime (calcium oxide, or
Ca0), CQ is emitted. &iificantquantities of lime are used in tpeoduction of steel,
aluminum, and, to a much lesser extent, offigeer.

. Methane emissions from natuggspipelines andgrocessig of naturalgas are associated
with the manufacture qflastic products.

. Perfluorocarbons (GF and,G F ) are emitted dpaluminum smeltig.

In most casegrocess non-engy GHG emissions are gnhssociated witproduction usig virgin
inputs. In the case of steel, however, these emissions result when eglreonviegcled irputs are used
(because lime is used in thepduction of steel from rgecled as well as wviin inputs).

Theprocess non-engy GHGs for each material are shown in the last column of Exhibits 2-3 and 2-
5 (for manufacture from \@in inputs and regcled irputs, repectively), and are ngeated in column "f* of
Exhibit 2-2. Our source for all these data, gxd¢beperfluorocarbon emissions, is appendix to a rport
prepared for the EPA Office of Polj¢ Plannimy, and Evaluatio> Our source for therfluorocarbon
emissions is a memorandrepared ly ICF.**

2.3 RESULTS

Our estimates of the total GHG emissions from raw materigiisiion and manufacturgnfor each
material are shown in Exhibit 2-2, columm™ To obtain these estimates, we summed theggrretated
GHG emissions (column "e") and the non-gyeBHG emissions (column "f").

Theprocess and trapsrtation GHG values that were devedd as described earlier in this ptex
are shown in the second to last columns of Exhibits 2-3 and 2-5, and in the last columns of Exhibits 2-4
and 2-6 throgh 2-10 (the last columns of Exhibits 2-3 and 2-5 showptbeess non-engy GHG
emissions, as noted above).

Because we had two ingendent sets of data on the amounts of eguh af fuel used in makmn
eachproduct, we were able to develboth ramge estimates angbint estimates of the ergrrelated GHG
values for manufacturgneach material from Win or reg/cled imputs, and from the current mix of gin
and regcled irputs. In this rport, for purposes of angking the GHG emissions associated with the

¥ Memorandum from William Driscoll, Randy Freed, and Sarah Stafford (ICF) to Brett Van Akkeren (U.S.
EPA), "Detailed Analysis of Greenhouse Gas Emissions Reductions from Increased Recycling and Source
Reduction of Municipal Solid Waste," July 29, 1994, p. 48 of the Appendix prepared by Franklin Associates, Ltd.,
dated July 14, 1994.

4 Memorandum from William Driscoll, Doug Keinath, and Randy Freed (ICF) to Eugene Lee and Clare
Lindsay (U.S. EPA), "Perfluorocarbon Emissions from Aluminum Smelting," March 27, 1996.
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manufacturig stage of theproduct lifeg/cle, we are usipthe values in columng” for total manufacturig
GHG emissions (i.e., avages ofpoint estimates). Omendirg on the iputs beiy considered, the
appropriate value for total GHG emissions is used (i.e., the value for manufacture fgimimouts,
regycled imputs, or the current mix of \@m and regcled imputs).

2.4 LIMITATIONS

There are numerous limitations to the gsi of the GHG emissions associated with raw materials
aquisition and manufacturg as described below.

The gproach used in this analisprovides values for the aveg@a GHG emission ratgser ton of
materialproduced, not the mginal emission rateger incremental toproduced. In some cases, the
maiginal emission rates myabe sgnificantly different. For exaiple, reducimg production ofplastic
products from vigin inputs ma not result in groportional decrease in methane emissions from natural
gaspipelines and naturagasprocessig. Naturalgaspipeline methane emissions are determingthie
operatirg pressure in naturgaspipelines, and the number and size of leaks irptpeline.
Conseguently, the amount of naturghs consumed at one end of gageline (eg., to makeplastic) does
not affect the level gfipeline methane emissions in a direct, lineay WaAs another exapte, long-term
reductions in electricjtdemand could selectiweteduce demand fopscific fuels, rather than redugin
demand for all fuels iproportion to their reresentation in the current avgeafuel mix. This angkis
estimates avege carbon conversion ratesdaly because the mginal rates are much more difficult to
estimate. Nevertheless, we believe the ayeraluegrovide a reasonablgproximation of the GHG
emissions.

In addition, the anghbis assumes that the GHG emissions from manufagtagiven product
charge in a linear fashion as tipercentge of regcled irputs moves from @ercent to 10@ercent. In
other words, the angdis assumes that both the eneintensity and the fuel mix chage in linearpaths
over this rage. However, it could be that GHG emissions from manufagfumiove in a non-linegpath,
(eg., some form of sgefunction) when thg@ercentae of regcled irputs chages, due to gaacity limits in
manufacturig or due to the economics of manufactgnmocesses.

The tranportation enagy required for the final stge of tranportation (to the consumer) was not
considered. Consgaently, some carbon emissions reductions fagHtweighted"products for these
trangortation stges were not considered; these sgviare likey to be ngligible.

Finally, this static angkis does not consideptential future chages in enegy usaye per unit of
output. Reductions in engy inputs, due to efficiencimprovements, could occur in either giim input
processes or rgccled imput processes. Efficienycimprovements will directt result in carbon emissions
reductions, and nyacharge the amount of carbon reductigessible throgh increased rgeling or
source reduction.

> Bob Lott, Gas Research Institute, personal communication with William Driscoll, ICF Incorporated, June
30, 1995.
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Exhibit 2-1

Carbon Coefficients
For Selected Fuels

kg CO,-Cfrom | kg CO »,-C from Fugitive kg CO ,-C

Combustion Per Methane Emissions Emitted Per Million

Fuel Type Million BTUs Per Million BTUs BTUs Consumed
Gasoline 19.43 0.23 19.66
LPG 17.02 0.23 17.25
Distillate Fuel 19.95 0.23 20.18
Residual Fuel 21.49 0.23 21.72
Diesel 20.80 0.23 21.03
Oil/Lubricants 20.24 0.23 20.47
Steam (non-paper products) 18.70 0.73 19.43
Steam (paper products) 13.12 0.34 13.46
National Average Fuel Mix for Electricity 16.24 0.68 16.92
Coal Used for Electricity 25.71 1.07 26.78
Coal Used by Industry (Non-Coking Coal) 25.61 1.07 26.68
Natural Gas 14.47 0.82 15.29
Other (Petroleum Coke) 27.85 0.23 28.08
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(Metric Tons of Carbon Equivalent (MTCE) per Ton of Product)

Exhibit 2-2
Greenhouse Gas Emissions from the Manufacture of Selected Materials

Energy GHG Emissions

Energy GHG Emissions

Inputs in the Current

(MTCE Per Ton of Product

Non-Energy GHG

(@) (b) © (d) (e) ® ©)
Current Mix Combined
Virgin Input Combined Recycled Input Combined Process and Transportation Average Combined
Process and Transportation Process and Transportation Percent Recycled Energy GHG Emissions Process Process and Transportation

Energy and Process

(MTCE Per Ton of Product (MTCE Per Ton of Product Mix of Virgin and ade with the Current Mix of Emissions (MTCE Per Non-Energy GHG Emissions
Made With Virgin Inputs) Made With Virgin Inputs) Recycled Inputs Virgin and Recycled Inputs Ton of Product) MTCE Per Ton of Produc t)
FAL Tellus FAL Tellus FAL Tellus FAL Tellus Virgin Recycled  Current irgin Refycled Cufrent
Type of Product Est. Est. Est. Est. Est. Est. Est. Est. Inputs Inputs iX nputs Ipputs iX
Newspaper 0.54 0.56 0.39 0.38 37% 33% 0.49 0.50 0.00 0.00 0.00 0.55 0.39 0.49
Office Paper 0.57 0.53 0.50 0.42 27% 29% 0.55 0.50 0.01 0.00 0.01 0.56 0.46 0.53
Tissue Paper 0.67 0.51 0.50 0.37 0.67 0.51] 0.01 0.00 0.01 0.60 0.43 0.60
Corrugated Boxes 0.28 0.48 0.34 0.54 36% 43% 0.30 0.51] 0.00 0.00 0.00 0.38 0.44 0.40
Folding Boxes 0.42 0.51 0.38 0.56 0.42 0.51] 0.00 0.00 0.00 0.47 0.47 0.47
Aluminum Cans 4.30 3.73 0.69 0.76 54% 53% 2.35 2.17| 1.49 0.00 0.69 5.51 0.72 2.95
Steel Cans 0.79 0.98 0.28 0.31 39% 46% 0.60 0.67| 0.24 0.24 0.24 1.12 0.53 0.87
HDPE 0.52 0.79 0.25 0.32 1% 1% 0.51 0.79] 0.07 0.00 0.07 0.72 0.29 0.72
LDPE 0.63 1.06 0.23 0.43 8% 8% 0.60 1.01 0.07 0.00 0.06 0.91 0.33 0.87
PET 0.98 1.30 0.41 0.50 28% 26% 0.82 1.09 0.04 0.00 0.03 1.18 0.46 0.98

Explanatory notes: To estimate the GHG emissions from manufacturing, we first estimated the process and transportation GHG emissions
when 100 percent virgin inputs, or 100 percent recycled inputs, are used. For each product and each type of inpué¢yicted)omre first
summed the estimates for process and transportation GHG emissions based on the FAL data, and then repeated the suntimealieliusiiada.
These summed estimates are shown above in columns "b" (for virgin inputs) and "c" (for recycled inputs). Two summedestsmatgsfor
each material in each column: the "FAL estimate" and the "Tellus estimate."

Next we estimated the GHG emissions from manufacturing each material from the current mix of virgin and recycled inpyan Withbe
estimates of the percentage of recycled inputs currently used in the manufacture of each material, as shown in coluragetd thése
percentages to develop a weighted average value for the GHG emissions associated with the manufacture of each matenatdramikef
virgin and recycled inputs. Specifically, we used the FAL estimate of the percentage of recycled inputs in the currgetheixyith the FAL
estimates for GHG emissions from manufacture using virgin or recycled inputs, to develop FAL estimates of GHG emissionsifactnnma
using the current mix of virgin and recycled inputs (labeled "FAL estimate" in column "e"). We repeated the processTedlng ttaga (labeled
"Tellus estimate” in column "e").

DRAFT --March 1997 33



Explanatory notes for Exhibit 2-2 (continued):Column "f* shows estimates of the process non-energy GHG emissions from
manufacturing. First this column shows the process non-energy GHG emissions when virgin inputs are used. Then it siesienthe/eem
recycled inputs are used (these values are simply copied from the final columns of Exhibits 2-3 and 2-5). Finally, celitoma tifie process
non-energy GHG emissions from manufacturing each product from the current mix of virgin and recycled inputs. The vaumsrenttinix are
the weighted averages of the values for virgin and recycled inputs, based on the percentage of recycled inputs useshtmihe(aarshown in
column "d").

The total GHG emissions from manufacturing are shown in column "g." This column shows total GHG emissions when a product is
manufactured from virgin or recycled inputs, or from the current mix of virgin and recycled inputs. To obtain these véhst¢sleweloped two
estimates of the GHG emissions for each material and each set of inputs. One estimate is based on FAL data, and ésedtheMsllos data
(these estimates included both energy-related GHG emissions and process non-energy GHG emissions). The values in eolhenavegyages
of the estimates based on FAL and Tellus data.
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Exhibit 2-3 (Franklin Data)
Amount of Carbon Produced Per Ton of Product Manufactured from Virgin Inputs

Process GHGs Only
Process Energy Process Energy Process Non-Energy
(Million BTUs Per Average Fuel Mix (in Percent) Carbon Emissions Larbon Emissions
Type of Product [Ton of Product) Gasoline LPG Distillate Fuel Regidual Fuel Biomass Dies¢l Hectficity Coal [NaturallGas Total [ (MTCHTon of P roduct) |(MTCETon of Product)
New spaper 33.96 0.00 | 0.06 0.08 0.49 6.53 | 0.82 57.54 | 1.07 33.41 |100.00 0.52 0.00
Office Paper 54.80 1.99 | 0.00 0.01 4.34 50.07 | 0.00 2475 | 9.78 9.06 |100.00 0.52 0.01
Tissue Paper 52.09 2.29 | 0.00 3.35 13.19 40.88 | 0.00 18.90 | 11.95 9.44 1100.00 0.62 0.01
Corrugated Boxes 30.01 0.00 | 0.00 0.01 1.62 56.06 | 1.21 19.67 | 8.75 12.68 |100.00 0.25 0.00
Folding Boxes 40.12 2.79 | 0.00 1.44 5.88 47.87 | 0.00 18.22 110.29 13.52 |100.00 0.40 0.00
Aluminum Cans 243.53 0.00 | 0.01 0.21 1.17 0.00 | 5.81 7841 | 1.47 12.91 |100.00 4.18 1.49
Steel Cans 31.58 0.21 | 0.00 5.06 0.35 0.00 | 0.00 21.02 |53.90 19.45 |100.00 0.70 0.24
HDPE 30.71 0.10 | 0.03 0.23 0.72 0.00 | 0.00 42.46 | 0.00 56.46 |100.00 0.49 0.07
LDPE 37.68 0.08 | 0.03 0.19 0.58 0.00 | 0.00 51.11 | 0.00 48.01 (100.00 0.61 0.07
PET 50.51 0.05 | 0.05 5.88 15.56 0.00 | 0.00 51.66 | 6.14 20.67 |100.00 0.92 0.04
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Exhibit 2-4 (Franklin Data)
Amount of Carbon Produced Per Ton of Product Manufactured from Virgin Inputs
Transportation GHGs Only

Transportation Energy Transportation Energy Carbon Emissions
(Million BTUs Per Average Fuel Mix (in Percent) (Metric Tons of Carbon
Type of Product Ton of Product) Di esel Residual Oil |Natural Gas Hlectricity [Total Equivalent Per Ton of Product)
New spaper 0.77 98.59 1.14 0.17 0.10 100.00 0.02
Office Paper 2.46 99.43 0.43 0.11 0.03 100.00 0.05
Tissue Paper 2.46 99.43 0.43 0.11 0.03 100.00 0.05
Corrugated Boxes 1.43 99.79 0.18 0.02 0.01 100.00 0.03
Folding Boxes 1.01 99.19 0.59 0.20 0.02 100.00 0.02
Aluminum Cans 5.73 37.53 62.07 0.00 0.40 100.00 0.12
Steel Cans 4.60 98.24 1.76 0.00 0.00 100.00 0.10
HDPE 1.15 54.50 19.32 24.66 1.52 100.00 0.02
LDPE 1.15 54.50 19.32 24.66 152 100.00 0.02
PET 3.27 79.65 16.63 242 1.31 100.00 0.07
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Exhibit 2-5 (Franklin Data)
Greenhouse Gas Emissions Per Ton of Product Manufactured from Recycled Inputs

Process GHGs Only

Process Energy Process Energy Process Non-Energy
(Million BTUs Per Average Fuel Mix (in Percent) Carbon Emissions Carbon Emissions
Type of Product Ton of Product) Jasoline LPG Djstillate Fuel Rgsidual Fuel Biojnass Diesgl Elecficity Coal | Naturg) Gas Total (MTCH Per Ton of Product) (MTCE Per Ton of Product)
Newspaper 23.01 0.00 | 0.22 0.12 0.05 0.00 | 0.00 59.65| 0.95 39.02 | 100.00 0.38 0.00
Office Paper 26.46 0.00 | 0.00 14.29 13.26 0.00 0.00 48.64 | 0.00 23.81 | 100.00 0.47 0.00
Tissue Paper 26.46 0.00 | 0.00 14.29 13.26 0.00 0.00 48.64 | 0.00 23.81 | 100.00 0.47 0.00
Corrugated Boxes 15.95 0.00 0.13 0.01 1.29 0.00 0.66 44.81 | 30.08 23.00 | 100.00 0.31 0.00
Folding Boxes 18.90 0.00 | 0.00 0.00 3.22 0.00 | 0.00 36.23 | 22.45 38.10 | 100.00 0.35 0.00
Aluminum Cans 40.34 0.00 | 0.00 0.00 3.10 0.00 0.00 39.96 0.00 56.94 | 100.00 0.65 0.00
Steel Cans 11.78 0.01| 0.17 0.07 0.03 0.00 0.00 77.28 0.65 21.80 | 100.00 0.20 0.24
HDPE 12.68 0.00 0.21 0.00 0.00 0.00 0.00 99.79 | 0.00 0.00 | 100.00 0.21 0.00
LDPE 11.43 0.00| 0.23 0.00 0.00 0.00 0.00 99.77 | 0.00 0.00 | 100.00 0.19 0.00
PET 21.87 0.00 ] 0.12 0.00 0.00 0.00 0.00 99.88 | 0.00 0.00 | 100.00 0.37 0.00
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Exhibit 2-6 (Franklin Data)
Amount of Carbon Produced Per Ton of Product Manufactured from Recycled Inputs
Transportation GHGs Only

Transportation Energy
(Million BTUS Per

Average Fuel Mix (in Percent)

ansportation Energy Carbon Emissions
(Metric Tons of Carbon

Type of Product Ton of Product) Diesel Rdsidual Oil Nafural Gas He tricity  Total Equivalent Per Ton of Product)
New spaper 0.75 98.67 1.08 0.15 0.10 100.00 0.02
Office Paper 1.61 100.00 0.00 0.00 0.00 100.00 0.03
Tissue Paper 1.61 100.00 0.00 0.00 0.00 100.00 0.03
Corrugated Boxes 1.23 99.90 0.10 0.00 0.00 100.00 0.03
Folding Boxes 1.29 99.92 0.08 0.00 0.00 100.00 0.03
Aluminum Cans 1.65 100.00 0.00 0.00 0.00 100.00 0.03
Steel Cans 4.03 99.99 0.01 0.00 0.00 100.00 0.08
HDPE 1.74 100.00 0.00 0.00 0.00 100.00 0.04
LDPE 1.74 100.00 0.00 0.00 0.00 100.00 0.04
PET 1.74 100.00 0.00 0.00 0.00 100.00 0.04
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Exhibit 2-7 (Tellus Data)
Amount of Carbon Produced Per Ton of Product Manufactured from Virgin Inputs
Process GHGs Only

Process Energy
(Million BTUs Per

Average Mix of Energy Sources

Process Energy Carbon Emissions

(Metric Tons of Carbon

Type of Product Ton of Product) basoline  Diesel Oil Sfeam Hegtricity Copl Natfral Gas Othe]Fuels Tofal Eqyivalent Per Ton of Product)
New spaper 34.11 0.46 0.35 0.27 28.45 70.47 0.00 0.00 0.00 100.00 0.54
Office Paper 35.18 0.89 0.71 5.00 77.00 16.41 0.00 0.00 0.00 100.00 0.51
Tissue Paper 33.22 0.94 0.75 5.29 74.17 18.84 0.00 0.00 0.00 100.00 0.48
Corrugated Boxes 32.07 0.86 0.70 4.90 82.58 10.95 0.00 0.00 0.00 100.00 0.46
Folding Boxes 34.05 0.81 0.66 4.61 80.82 13.09 0.00 0.00 0.00 100.00 0.49
Aluminum Cans 216.24 0.00 0.00 1.93 1.08 72.01 1.25 23.68 0.05 100.00 3.62
Steel Cans 42.10 0.03 0.36 2.35 6.15 34.66 0.33 571 50.41 100.00 0.96
HDPE 37.29 0.00 8.10 0.00 1.69 23.09 0.00 42.27 24.85 100.00 0.72
LDPE 51.78 0.00 6.91 0.00 5.03 31.21 0.00 35.81 21.03 100.00 0.99
PET 62.51 0.00 5.61 0.00 27.37 34.99 0.00 10.89 21.14 100.00 1.25
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Exhibit 2-8 (Tellus Data)
Amount of Carbon Produced Per Ton of Product Manufactured from Virgin Inputs
Transportation GHGs Only

Transportation Energy
(Million BTUs Per

Average Fuel Mix (in Percent)

Transportation Energy Carbon Emissions
(Metric Tons of Carbon

Type of Product ton of Product) Diesel Nhtural Gas Total Equivalent Per Ton of Product)
New spaper 0.58 100.00 0.00 100.00 0.01
Office Paper 1.21 100.00 0.00 100.00 0.03
Tissue Paper 1.21 100.00 0.00 100.00 0.03
Corrugated Boxes 1.08 100.00 0.00 100.00 0.02
Folding Boxes 1.08 100.00 0.00 100.00 0.02
Aluminum Cans 5.29 100.00 0.00 100.00 0.11
Steel Cans 0.91 100.00 0.00 100.00 0.02
HDPE 3.72 53.25 46.75 100.00 0.07
LDPE 3.83 53.19 46.81 100.00 0.07
PET 2.48 57.44 42.56 100.00 0.05
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Exhibit 2-9 (Tellus Data)
Amount of Carbon Produced Per Ton of Product Manufactured from Recycled Inputs
Process GHGs Only

Process Energy
(Million BTUs Per

Average Mix of Energy Sources

Process Energy Carbon Emissions

(Metric Tons of Carbon

Type of Product Ton of Product) basoline  Diesel Oil Sfeam Hektricity Cohl Natpral Gas  Othdr Fuels Totlal Eqjuivalent Per Ton of Product)
New spaper 18.52 0.00 0.26 0.00 41.88 57.86 0.00 0.00 0.00 100.00 0.33
Office Paper 20.80 0.00 0.23 0.00 62.85 36.92 0.00 0.00 0.00 100.00 0.38
Tissue Paper 0.94 0.00 0.24 0.00 58.66 41.10 0.00 0.00 0.00 100.00 0.37
Corrugated Boxes 27.31 0.00 0.17 0.00 69.47 30.36 0.00 0.00 0.00 100.00 0.51
Folding Boxes 29.23 0.00 0.16 0.00 67.11 32.72 0.00 0.00 0.00 100.00 0.54
Aluminum Cans 46.04 0.00 0.10 2.57 0.00 35.51 0.00 61.82 0.00 100.00 0.74
Steel Cans 17.01 0.00 0.35 0.00 0.00 97.92 0.48 1.25 0.00 100.00 0.29
HDPE 17.85 0.00 0.27 0.00 0.00 99.73 0.00 0.00 0.00 100.00 0.30
LDPE 23.29 0.00 0.20 0.00 0.00 99.80 0.00 0.00 0.00 100.00 0.39
PET 27.84 0.00 0.17 0.00 0.00 99.83 0.00 0.00 0.00 100.00 0.47
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Exhibit 2-10 (Tellus Data)
Amount of Carbon Produced Per Ton of Product Manufactured from Recycled Inputs
Transportation GHGs Only

Transportation Energy

(Million BTUs Per

Average Fuel Mix (in Percent)

Transportation Energy Carbon Emissions
(Metric Tons of Carbon

Type of Product Ton of Product) Diesel I\Latural Gas Total Equivalent Per Ton of Product)
New spaper 2.13 100.00 0.00 100.00 0.04
Office Paper 1.87 100.00 0.00 100.00 0.04

Tissue Paper 0.00 100.00 0.00 100.00 0.00
Corrugated Boxes 1.33 100.00 0.00 100.00 0.03

Folding Boxes 0.83 100.00 0.00 100.00 0.02
Aluminum Cans 0.90 100.00 0.00 100.00 0.02
Steel Cans 0.82 100.00 0.00 100.00 0.02
HDPE 0.83 100.00 0.00 100.00 0.02
LDPE 1.56 100.00 0.00 100.00 0.03
PET 1.56 100.00 0.00 100.00 0.03
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